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The following is a batch sample
extracted from a variable flow rate
example:

N
m=M X} n; @t
Di;.

At = 1
record
Example:
Mnox = 46.0055 g/mol
N=9000

Xnox = 85.6 pmol/mol
Ngexh1 = 25.534 mol/s
hdexh2 = 26.950 mol/s

frecord = 5 Hz
Cmo = 1000000 pmol/mol
At = 1 =02s
5

Mpnox = 46.0055 - 85.6(25.534 + 26.950
+ ...+ hdethOOO) -0.2 - 1000000

MNox = 4.201 g

(ii) If you batch sample from a
constant exhaust flow rate, extract a
sample at a constant flow rate. We
consider the following flows constant
exhaust flows: CVS diluted exhaust
with a CVS flow meter that has either
an upstream heat exchanger, electronic
flow control, or both. Determine the
mean flow rate from which you
extracted the constant flow rate sample.
Multiply the mean concentration of the
batch sample by the mean flow rate of
the exhaust from which the sample was
extracted, and multiply the result by the
time of the test interval. If the total
emission is a molar quantity, convert
this quantity to a mass by multiplying
it by its molar mass, M. The result is the
mass of the emission, m. In the case of
PM emissions, where the mean PM
concentration is already in units of mass
per mole of sample, Mpy, simply
multiply the total flow by Mpy. The
result is the total mass of PM,nem.

(iii) The following is a batch sample
extracted from a constant flow rate
example:

(d) Steady-state mass rate divided by
power. To determine steady-state brake-
specific emissions for a test interval as
described in paragraph (a)(2) of this
section, calculate the steady-state mass
rate of the emission. Then calculate the
steady-state power. Divide the mean
mass rate of the emission by the mean
power to determine steady-state brake-
specific emissions.

(1) To calculate the mass rate of an
emission, multiply its mean

m =M [X [ [At
M X =Mpy
Example:

M pyv = 0.144 mg/mol
Ngexh = 57.692 mol/s

At =20 min
Ci=60s/min
Cm = 1000 mg/g
_ 0144 157.692 20 (60
Mpy =
1000
Mgy =37.6619

(4) Diluted exhaust sampling;
continuous or batch. If you sampled
emissions from diluted exhaust, you
must consider two additional steps.

(i) If you diluted a sample at a
constant ratio of dilution air flow rate to
exhaust flow rate (raw or dilute), you
must multiply your total mass emissions
by the sum of the dilution ratio, DR,
plus one. The following is an example
of a secondary dilution system for
sampling PM from a CVS:

Mpm = Mpwvair* (DR+1)
Example:

Mpwvdil = 6.853 ¢
DR=5:1

Mpy = 6.853¢(5+1)
mpv = 41.118 g

(i) You may optionally measure
background emissions in dilution air by
either continuous sampling or batch
sampling. You may then subtract the
background you would have otherwise
attributed to your engine as described in
§1065.667.

(5) NOx correction for intake-air
humidity. Correct the total mass of NOx
based on intake-air humidity as
described in § 1065.670. Note that if you
performed diluted exhaust sampling,
perform this correction after correcting
for any dilution air background.

(c) Total work. To determine brake-
specific emissions for a test interval as

W =16.75 kW [hr

concentration (e.g., ) by its respective
mean flow rate,

n.

If the result is a molar flow rate, convert
this quantity to a mass rate by
multiplying it by its molar mass, M. The
result is the mean mass rate of the
emission,

m.

In the case of PM emissions, where the
mean PM concentration is already in

described in paragraph (a)(1) of this
section, you must also calculate the total
work. To calculate total work, multiply
the feedback engine speed by its
respective feedback torque and apply
the appropriate units conversion factors.
This results in the power of the engine.
Integrate the power over a test interval
to determine the total work. If your
standard is in the units g/hp.hr use the
following conversion factor: 1 hp =550
ft Ibf/s = 0.77456999 kW, and round the
resulting value. The following is an
example:

N
W= z P [At
=1
R=f O
At = 1
record
Example:
N = 9000

fna = 1800.2 rev/min
f2 = 1805.8 rev/min
T1=177.23 Nem
T>=175.00 Nem
Crev = 2Tt rad/rev

Ci1 =60 s/min
Cp = 1000 (Nem/s)/kW
frecora = 5 Hz
Ci2 = 3600 s/hr
_1800.2[177.23[2[314159

! 60 1000
P, = 3341kW
P, = 33.09 kW

At = 1 =0.2s
5

We (3341+33.09+K +Pypg ) (0.2
- 3600

units of mass per mole of sample, M py,
simply multiply the mean flow rate,

n

by Mpum. The result is the mass rate of
PM,

PM-

(2) To calculate power, multiply mean
engine speed, f,, by its respective mean
torque, T, and apply the appropriate
units conversion factors. The results is
the mean power of the engine, P.
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(3) Divide emission mass rate by
power to calculate a brake-specific
emission result as described in
paragraph (a)(2) of this section.

(4) The following is an example of
how to calculate mean mass rate and
mean power:

m=MXh
P=f, T
Examples:

Mco=28.0101 g/mol
Xco=12.00 mmol/mol

n=1.530 mol/s
Cmoi=1000 mmol/mol

f=3584.5 rev/min

T=121.50 N-m
Crev=2-1trad/rev
C=60 s/min
Cp=1000 (N-m/s)/kW
= 28.0101[12.00 1530
1000
m=0514g/s
B 3584.5[121.50 (2 [Tt
1000 (60
P=4561kw

(e) Ratio of total mass of emissions to
total work. To determine brake-specific

emissions for a test interval as described
in paragraph (a)(3) of this section,
calculate a value proportional to the
total mass of each emission. Divide each
proportional value by a value that is
similarly proportional to total work. The
result is a brake-specific emission.

(1) Total mass. To determine a value
proportional to the total mass of an
emission, determine total mass as
described in paragraph (b) of this
section, except substitute for the flow
rate, n, or the total flow, n with a signal
that is linearly proportional to flow rate,

or linearly proportional to total flow, f.
(2) Total work. To calculate a value
proportional to total work over a test
interval, integrate a value that is
proportional to power. Use information
about the brake-specific fuel
consumption of your engine, esa to
convert a signal proportional to fuel
flow rate to a signal proportional to
power. To determine a signal
proportional to fuel flow rate, divide a
signal that is proportional to the mass
rate of carbon products by the fraction
of carbon in your fuel, wc. For your fuel,
you may use a measured wc Or you may
use the default values in Table 1 of
§1065.655. Calculate the mass rate of
carbon from the amount of carbon and
water in the exhaust, which you
determine with a chemical balance of
fuel, intake air, and exhaust as
described in § 1065.655. In the chemical
balance, you must use concentrations

E9].634 E98.005 oy

022

from the flow that generated the signal
proportional to flow rate, fi, in
paragraph (e)(1) of this section. The
following is an example of how to
determine a signal proportional to total
work over a test interval:

- 1 Mch X ,
Moy = o Cc i Cproddryi
Weyg 1+ X0
At = 1
frecord

Example:
N = 3000
frecora =5 Hz

erua = 285 g/(kW-hr

wsue = 0.869 g/g

M = 12.0107 g/mol

Ny =3.922 Omol/s

Xcproddry1 = 91.634 mmol/mol
Xnzo1 = 26.16 mmol/mol

n2 =4.139 Omol/s

Xcproddry2 = 98.005 mmol/mol
Xnzoz = 27.21 mmol/mol
Cmol = 1000 mmol/mol
Cis/hr

X cpdryaooo [

1000__rp 2

oo B9 Naooo B 00— 00
120072616 * 2721 T Kisonsoo

1+ 522 1+ 5 000

g~ 1000 1000 1000 §

W =5.09~kW [hr

(3) Use the value proportional to total
mass and the value proportional to total
work to determine brake-specific
emissions as described in paragraph
(2)(3) of this section.

(f) Rounding. Round emission values
only after all calculations are complete
and the result is in g/kKW-hr or units
equivalent to the units of the standard
(i.e., g/hp-hr.).

(1) General. To replace a number
having a given number of digits with a
number having a smaller number of
digits, follow these rules:

(i) If the digits to be discarded begin
with a digit less than 5, the digit
preceding the 5 is not changed. Example
: 6.9749515 rounded to 3 digits is 6.97.

(ii) If the digits to be discarded begin
with a 5 and at least one of the

following digits is greater than 0, the
digit preceding the 5 is increased by 1.
Examples : 6.9749515 rounded to 2
digits is 7.0, 6.9749515 rounded to 5
digits is 6.9750.

(iii) If the digits to be discarded begin
with a 5 and all of the following digits
are 0, the digit preceding the 5 is
unchanged if it is even and increased by
1if it is odd. (Note that this means that
the final digit is always even.) Examples
1 6.9749515 rounded to 7 digits is
6.974952, 6.974950 5 rounded to 7
digits is 6.974950.

(2) Rounding converted numerical
values. In most cases the product of the
unconverted numerical value and a
conversion factor will be a numerical
value with a number of digits that
exceeds the number of significant digits
of the unconverted numerical value.

Proper conversion procedure requires
rounding this converted numerical
value to the number of significant digits
that is consistent with the maximum
possible rounding error of the
unconverted numerical value. Example
: To express the value 1 = 36 ft in
meters, use the factor 0.3048 and write
1 =36 ft 3 0.3048 m/ft = 10.9728 m =
11.0 m. The final result, 1 =11.0 m, is
based on the following reasoning: The
numerical value 36" has two
significant digits, and thus a relative
maximum possible rounding error
(abbreviated RE) of 0.5/36 = 1.4%
because it could have resulted from
rounding the number 35.5, 36.5, or any
number between 35.5 and 36.5. To be
consistent with this RE, the converted
numerical value “10.9728” is rounded
to 11.0 or three significant digits
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because the number 11.0 has an RE of
0.05/11.0 = 0.45%. Although this 0.45%
RE is one-third of the 1.4% RE of the
unconverted numerical value “36,” if
the converted numerical value
*10.9728" had been rounded to 11 or
two significant digits, information
contained in the unconverted numerical
value ““36’" would have been lost. This
is because the RE of the numerical value
“11” is 0.5/11 = 4.5%, which is three
times the 1.4% RE of the unconverted
numerical value “36.”” This example
therefore shows that when selecting the
number of digits to retain in the
numerical value of a converted quantity,
one must often choose between
discarding information or providing
unwarranted information. Consideration
of the end use of the converted value
can often help one decide which choice
to make. Note: Consider that one had
been told initially that the value 1 = 36
ft had been rounded to the nearest inch.
Then in this case, since 1 is known to
within 1 in, the RE of the numerical
value “36” is 1 in/(36 ft 3 12 in/ft) =
0.23%. Although this is less than the
0.45% RE of the number 11.0, it is
comparable to it. Therefore, the result 1
=11.0 m is still given as the converted
value. Note that the numerical value
*10.97” would give excessive
unwarranted information because it has
an RE that is one-fifth of 0.23%.

§1065.655 Chemical balances of fuel,
intake air, and exhaust.

(a) General. Chemical balances of fuel,
intake air, and exhaust may be used to
calculate ratios of their flows, the
amount of water in their flows, and the
concentration of constituents in their
flows. Along with the flow rate of either
fuel, intake air, or exhaust you may use
chemical balances to determine the
flows of the other two. For example, you
may use chemical balances along with
exhaust flow to determine fuel flow and
intake flow.

(b) Procedures that require chemical
balances. We require chemical balances
when you determine the following:

_ (1) A value proportional to total work,
W, when you choose to determine
brake-specific emissions as described in
§1065.650(e).

(2) The amount of water in a raw or
diluted exhaust flow, Xu20n, When you

do not measure the amount of water in
a flow to correct for the amount water
removed, as described in
§1065.659(c)(2).

(3) The flow-weighted average
fraction of dilution air in diluted
exhaust, DF, when you do not measure
dilution air flow to correct for
background emissions as described
in§ 1065.667(c).

(c) Chemical balance procedure. The
calculations for a chemical balance
involve a system of equations that
require iteration. We recommend using
a computer to solve this system of
equations. You must guess the initial
values of up to three quantities: the
amount of water in the measured flow,
Xn20, fraction of dilution air in diluted
exhaust, DF, and the amount of
products on a C; basis per dry mole of
dry measured flow, Xcprodary. FOr each
emissions concentration, x, and amount
of water Xp20, you must determine their
completely dry concentrations. Xqry and
XHzodry- YOU must also use your fuel’s
atomic hydrogen to carbon ratio, a, and
oxygen to carbon ratio, p. For your fuel,
you may measure o and f§ or you may
use the default values in Table 1 of
§1065.650. Use the following steps to
complete a chemical balance:

(1) Convert your measured
concentrations such as, Xcozmeas
XNomezas, @Nd Xpzoint, t0 dry
concentrations by dividing them by one
minus the amount of water present
during their respective measurements:
XH20xC02, XH20xN0, and Xnzoint. If the
amount of water present during a “‘wet”
measurement is the same as the
unknown amount of water in the
exhaust flow, xn20, iteratively solve for
that value in the system of equations. If
you measure only total NOx and not NO
and NO; separately, use good
engineering judgement to split your
total NOx between NO and NO-, for the
chemical balances. For example, if you
measure emissions from a
stoichiometric spark-ignition engine,
you may assume all NOx is NO. For a
compression-ignition engine, you may
assume NOx is 75% NO and 25% NO..
For NO, storage aftertreatment systems,
you may assume NOx is 75% NO; and
25% NO. Note that for emissions
calculations you must use the molar
mass of NO, for the molar mass of all

NOx, regardless of the actual NO»
fraction of NOx.
(2) Enter the equations in paragraph
(c)(3) of this section into a computer
program to iteratively solve for xn20 and
Xcprodary- If you measure raw exhaust
flow, set DF equal to zero (0). If you
measure diluted exhaust flow,
iteratively solve for DF. Use good
engineering judgment to guess initial
values for Xw20, Xcproddry, and DF. We
recommend guessing an initial amount
of water that is about twice the amount
of water in your intake or dilution air.
We recommend guessing an initial value
of Xcproddry @s the sum of your measured
CO,, CO, and THC values. If you
measure diluted exhaust, we also
recommend guessing an initial DF
between 0.75 and 0.95, such as 0.8.
Perform iteration until the most recently
updated guesses are all within +1% of
their respective most recently calculated
values.
(3) In the equations that follow, we
use the following symbols and
subscripts:
xH20 = amount of water in measured
flow

xH20dry = amount of water per dry mole
of measured flow

XCproddry = amount of carbon products on
a C1 basis per dry mole of measured
flow

DF = fraction of dilution air in measured
flow—assuming stoichiometric
exhaust

xprodiintdry = gmount of dry stoichiometric
products per dry mole of intake air

Xx02proddry = gmount of oxygen products
on an O2 basis per dry mole of
measured flow

xlemissionldry = gmount of emission per
dry mole of measured flow

Xlemissionlmeas = gmount of emission in
measured flow

XxH20[emissionlmeas = gmount of water at
emission measurement location

xH20int = amount of water in intake air

xHz2odil = amount of water in dilution air

x0zairdry = gmount of oxygen per dry
mole of air; 0.209445 mol/mol

x0zairdry = gmount of carbon dioxide per
dry mole air; 375 pmol/mol

o = atomic hydrogen to carbon ratio in
fuel

B = oxygen to carbon ratio in fuel
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X _ Xp20dry
H20 —
1+ Xy20dry
_a x +(1-DF XH20intdry +DF &
XH20dry - E Cproddry ( ) E H20dildry
X prod/intdry

Xcproddry = Xcozdry ¥ Xcodry ¥ XTHcdry

Xprodlintdry =

Xo2proddry Xprodi
_1_ proddry —**prod/intdry
DF=1 [ql"'XHzointdry)

X02airdry
1
1 a |:|
1- 1-DF % I:%(Codry - P X cproddry ~ XNOZdryD

1 a g
- [%(Codry +E IjCproddry +XNOdry D+ XN02dry - B |]Cproddry

XOZproddry = XCOZdry 2

Xcozdry =

X CO2airdry

Xco2mess

1-x 1 a O
H20CO2meas 1 — 5 [%(cowy ) X cprodary ~ XNO2dry 0

(4) The following is an example;

X
— COmeas
X = . . - o
oY — Xy 120c0mes iteratively solved using the equations in
paragraph (c)(3) of this section:
X hca = XTHCmeas
Y 1= Xpo0THCmess
X — _ XH20int
HZCtnary 1= Xp20int
XH20dildry = Zrooul
ildry =37
X "
H20dil
Xnopdry = XNO2mess
Y 1= Xp0n02mens
X — X NOmess
NOdry —

1~ Xy20N0mess

_ 3524
Xn20 = 3524
+
1000
17.22

Xnz0dy = 1—8 [24.69 + (1 -0.843) F——— +0.843 [12.01 =35.24 mmol/mol
2 0.9338

=24.614 + 293 +—47'6 =24.69 mmol/mol

1000 1000

Eﬂ.+ 17220_ yopn
10000

=34.04 mmol/mol

X Cproddry

3454 [0.9338

DF=1-1000_____
0.200445

1
Xprod/intdry - - 1 203 _g 52469 B 121 |:|_ 0.9338 mol/mol
1-0.843 2 11000000 2 1000 100000000

Xoporodary = 24614+ [@"@ +18 2460 4204 §+ 221 052469 =3454 mol/mol
2 Thooo ~ 2 10005 1000

375

" _ 24770 1000
CO2dry 1- 8601 1 293 18 L24.69 121
1000 2 11000000 2 1000 10000000

= 24.614 mmol/mol
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290
Xoouy =7 T 8E0T
1000
_ 46

XTHedy = 34,04
1000

16.93

XH20i ey = llw =17.22 mmol/mol

1000

XH20dildry = % =12.01 mmol/mol

= 29.3 pmol/mol

= 47.6 pmol/mol

1000

120

XNo2dry = 1—8W =121 pmol/mol

1000

_ 500
Xnody =8 60L

1000

=50.4 pmol/mol

Example:

Xspanchk = 1695.8 pmol/mol
Xzerochk = — 5.2 pmol/mol

drift correction =

(b) You may correct every recorded
amount for drift if drift did not
invalidate the test. Use the following

Example:

Xspanchk = 1695.8 pmol/mol
Xzerochk = — 5.2 pmol/mol

Xi drift corrected — 5

Xozairary = 0.209445 mol/mol
Xcozarday = 375 Hmol/mol
a=18

B=0.05

TABLE 1 OF 81065.655.—DEFAULT
VALUES OF ATOMIC HYDROGEN TO
CARBON RATIO, o, ATOMIC OXYGEN
TO CARBON RATIO, B, AND CARBON
MASS FRACTION OF FUEL, Wc, FOR
VARIOUS FUELS

drift correction =

Atomic hy-
drogen and Carbon mass
Fuel oxygen to concentration,
carbon ratios we g/g
CHaOp
Gasoline .... CH1.8500 0.866
#2 Diesel ... CH1.8000 0.869
#1 Diesel ... | CH1.0300 0.861
LPG (C3Hg) | CH2.6700 0.817
LNG/CNG .. | CH37900.02 0.707
Ethanol ...... CH3005 0.521
Methanol ... | CH401 0.375

§1065.657 Drift validation and correction.

(a) Determine if measurement
instrument drift invalidates a test. Use
the following quantities and calculation
to determine if drift invalidates a test:

(1) Span reference, Xre.

(2) Post-test span check, Xspanchk.

(3) Post-test zero check, Xzerochk.

(4) Flow-weighted amount expected at

either the standard or during a test
interval, whichever is greater, Xexp.

(5) Calculate drift correction, as
follows:

X zerochk ~ xspanchk +1- X zerochk

Xref X@(p

2

Xret = 1800.0 pmol/mol
Xexp = 435.5 pmol/mol

-5.2-16958 =52
+1-

1800.0
2

4355 - 0,033

quantities and calculation to correct for
drift:

(1) The quantities from paragraph (a)
of this section.

(X zerochk ~ X spanchk + 3D|j(i —x

X ref

=33%

(2) Each recorded amount, xi or for
batch sampling, 0.

(3) Correct for drift as follows:

zerochk

Xi drift corrected — 5

Xret = 1800.0 pmol/mol
Xi or X = 435.5 umol/mol

(75216958 | 0355 5.2
_0 18000 O

= 450.1 pmol/mol
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§1065.658 Noise correction.

(a) You may set to zero any recorded
data point if that point’s numerical
value is smaller than the least of the
following values:

(1) The measurement instrument
noise determined according to
§1065.305.

(2) For lab instruments the
recommended noise limit specified in
Table 1 of § 1065.205.

(3) For field-testing instruments, the
recommended noise limit specified in
Table 1 of § 1065.915.

(b) If you perform this noise
correction on samples that are corrected
for background concentrations in
dilution air, then noise correct the
respective dilution air measurements
the same way.

(c) If you perform this noise
correction on a THC concentration that
you use to determine NMHC, then
correct the CH,4 concentration the same
way.

§1065.659 Removed water correction.

(a) If you remove water upstream of a
concentration measurement, x, or
upstream of a flow measurement, n,
correct for the removed water. Perform
this correction based on the amount of
water at the concentration
measurement, Xp2o[emission]meas; and at
the flow meter, Xy20, Whose flow is used
to determine the concentration’s total
mass over a test interval.

(b) Downstream of where you
removed water, you may determine the
amount of water remaining by any of the
following:

(1) Measure the dewpoint temperature
and absolute pressure downstream of

Example:

Xtpc = 150.3 pmol/mol
Xcha = 20.5 pmol/mol
PFCH4 =0.980

PFcone = 0.050

XNMHcinit = 1.1 pmol/mol

_0.9800150-20 11

X =
NMHC 0,980 - 0.050

(3) For a gas chromatograph, calculate
XNmHc using the THC analyzer’s
response factor (RF) CHg4, from
§1065.366, and using the initial NMHC
contamination concentration XnymHcinit
from § 1065.520 as follows:

XnmHe = XTHe — RFcha XcHa — XNMHCinit

Example:
XThc = 145.6 pmol/mol
Xcha = 18.9 umol/mol

the water removal location and then
calculate the amount of water remaining
as described in § 1065.645.

(2) If you can justify assuming
saturated water vapor conditions at a
given location, you may use the
measured temperature at that location as
the dewpoint temperature.

(3) You may also use a nominal value
of absolute pressure based on an alarm
setpoint, a pressure regulator setpoint,
or good engineering judgment.

(c) For a corresponding concentration
or flow measurement where you did not
remove water, you may determine the
amount of initial water by any of the
following:

(1) Use any of the techniques
described in paragraph (b) of this
section.

(2) If the measurement is a raw
exhaust measurement, you may
determine the amount of water based on
intake-air humidity, plus a chemical
balance of fuel, intake air and exhaust
as described in § 1065.655.

(3) If the measurement is a diluted
exhaust measurement, you may
determine the amount of water based on
intake-air humidity, dilution air
humidity, and a chemical balance of
fuel, intake air and exhaust as described
in §1065.655.

(d) Perform a removed water
correction to the concentration
measurement using the following
calculation:

X = X[emission] meas d O
~ XH20 [emission] meas [

Example:

PFcra Xthe ~ Xcha
PFeha = PReane

XNMHC = ~ XNMHCinit

RFcpa = 0.970

XNMHcinit = 1.1 pmol/mol
XNmHc = 145.6—-0.970-18.9-1.1
XNMHc = 126.2 umol/mol

(4) If the result of paragraph (b)(2) or
(3) of this section is greater than the
result of paragraph (b)(1) of this section,
use the value calculated under
paragraph (b)(1) of this section.

§1065.665 THCE and NMHCE
determination.

(a) If we require you to determine
THCE, consider references to NMHC
and NMHCE in this section to mean
THC and THCE, respectively. If we
require you to determine NMHCE, first
determine NMHC as described in
§1065.660.

Xcomeas = 29.0 umol/mol
XH20comeas = 8.601 pumol/mol
Xp20 = 34.4 pmol/mol

Cmot = 1000 pmol/mol

34040

a

Xoo = 29.0[FF—4000 -
8.601

t-——-2~0

0 1000 O

Xco = 28.3 pmol/mol

§1065.660 THC and NMHC determination.

(a) THC determination. If we require
you to determine THC emission,
calculate *rc using the initial THC
contamination concentration *tpcinit
from §1065.520 as follows:

X X

THC = 7 THCinit

Example:

X1he = 150.3 pumol/mol
XThcinit = 1.1 pmol/mol
Xrpuc=150.3 - 1.1

XThc = 149.2 umol/mol

(b) NMHC determination. Use one of
the following to determine NMHC
emission, XnmHc

(1) If you did not measure CHg, you
may report Xnmuc as 0.98. Xypc.

(2) For nonmethane cutters, calculate
XnmHc Using the nonmethane cutter’s
penetration fractions (PF) of CH,4 and
CzHe, from §1065.331, and using the
initial NMHC contamination
concentration Xnmucinit from § 1065.520
as follows:

(b) If you measured an oxygenated
hydrocarbon’s mass concentration (per
mole of exhaust), then first calculate its
molar concentration by dividing its
mass concentration by the molar mass of
the oxygenated hydrocarbon.

(c) Then multiply each oxygenated
hydrocarbon’s molar concentration by
its respective number of carbon atoms
per molecule. Add these carbon-
equivalent molar concentrations to the
molar concentration of NMHC. The
result is the molar concentration of
NMHCE.

(d) For example, if you measured
ethanol (C2HsOH) and methanol
(CH3OH) as molar concentrations, and
acetaldehyde (C;H40) and formaldehyde
(HCHO) as mass concentrations, you
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would determine NMHCE emissions as
follows:

N

XNMHCE = XNMHc t z XoHC;
=1

_ Meworc;

X =
OHC;
M oHc;

X = -
C2H40 ™ 44,05256

X =
HCHO ™ 30 02508

Example:

XnmHe = 127.3 pmol/mol
Xcznson = 100.8 pmol/mol
Xchson = 25.5 pmol/mol
Mexhczrao = 0.841 mg/mol
MetrcHo = 39.0 pg/mol
Mcanao = 44.05256 g/mol
Mucho = 30.02598 g/mol

0841 %1000 =191 pmol /mol

39 =1.3 umol/mol

Xnmuce =127.3+2 x100.8 +255 +2 x19.1 +L.3 =393.9 pumol /mol

§1065.667 Dilution air background
emission correction.

(a) General. To determine the mass of
background emissions to subtract from a
diluted exhaust sample, first determine
the total flow of dilution air, ngi, over
the test interval. This may be a
measured quantity or a quantity
calculated from the diluted exhaust flow
and the flow-weighted average fraction
of dilution air in diluted exhaust, DF.
Multiply the total flow of dilution air by
the mean concentration of a background
emission, Xg. This may a time-weighted
mean or a flow-weighted mean (e.g. a
proportionally sampled background).
The product of ng and Xg; is the total
amount of a background emission. If
this is a molar quantity, convert it to a
mass by multiplying it by its molar
mass, M. The result is the mass of the
background emission, m. In the case of
PM, where the mean PM concentration
is already in units of mass per mole of
sample, Mpy, simply multiply the total
amount of dilution air by Mpym. The
result is the total background mass of
PM, mpm. Subtract the total background
mass from the total mass to correct for
background emissions.

(b) You may determine the total flow
of dilution air by a direct flow

My gnanoxdexh = 00536 g
Minanox = 0.843[0.0536

mbkgndNOx =0.0452 g

measurement. In this case calculate the
total mass of background as described in
§1065.650(b), using the dilution air
flow, ngii. Subtract the background mass
from the total mass. Use the result in
brake-specific emissions calculations.
(c) You may determine the total flow
of dilution air from the total flow of
diluted exhaust and a chemical balance
of the fuel, intake air and exhaust as
described in § 1065.655. In this case
calculate the total mass of background
as described in § 1065.650(b), using the
total flow of diluted exhaust, Ngexh. Then
multiply this result by the flow-
weighted average fraction of dilution air
in diluted exhaust, DF. Calculate DF
using flow-weighted average
concentrations of emissions in the
chemical balance, as described in
§1065.655. You may assume that your
engine operates stoichiometrically, even
if itis a lean-burn engine, such as a
compression-ignition engine. Note that
for lean-burn engines this assumption
could result in an error in emissions
calculations. This error could occur
because the chemical balances in
§1065.655 correct excess air passing
through a lean-burn engine as if it was
dilution air. If an emission
concentration expected at the standard

0.0

5
MikgnaNoxdexh = 46.0055 Glm [(23280.5

81065.670 NOx intake-air humidity
correction.

(a) Correct NOx concentrations for
intake-air humidity after applying all
other corrections.

(b) For compression-ignition engines
correct for intake-air humidity as
follows or develop your own correction,
based on good engineering judgment:

is about 100 times its dilution air
background concentration, this error is
negligible. However, if an emission
concentration expected at the standard
is similar to its background
concentration, this error could be
significant. If you are concerned about
this error, we recommend that you
remove background emissions from
dilution air by HEPA filtration,
chemical adsorption, or catalytic
scrubbing. You might also consider
using a partial-flow dilution technique
such as a bag mini-diluter, which uses
purified air as the dilution air.

(d) The following is an example of
using the flow-weighted average fraction
of dilution air in diluted exhaust, DF.
and the total mass of background
emissions calculated using the total
flow of diluted exhaust, Ngexn, as
described in §1065.650(b):

Mbkgnd = df-Mbkgnddexn
Mokgnddexh = M-Xokgna-ndexh
Example:

Mnox = 46.0055 g/mol
Xokgnd = 0.05 pmol/mol
Ndexh = 23280.5 mol

DF =0.843

Cmol = 1000000 pmol/mol

XnNocorr = XNoxuncorr (9953 Xhzo + 0832)
Example:
Xnoxuncorr = 700.5 pmol/mol
Xhzo = 0.022 mol/mol
Xnoxcorr = 700.5-(9.953-0.022 + 0.832)
XnNoxcorr = 736.2 pmol/mol

(c) For spark-ignition engines you
may use the same correction as for
compression-ignition engines, or you
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may develop your own correction, based
on good engineering judgment.

§1065.672 CLD quench check
calculations.

Perform CLD quench check
calculations as follows:

quench =

Example:

XNodry = 1800 pmol/mol
Xnowet = 1760 pmol/mol

quench =

quench = —0.0099 - 0.0089 = -1.88%

§1065.690 PM sample media buoyancy
correction.

(a) General. Correct PM sample media
for their buoyancy in air if you weigh
them on a balance. The buoyancy
correction depends on the sample media
density, the density of air, and the
density of the calibration weight used to
calibrate the balance. The buoyancy
correction does not account for the
buoyancy of the PM itself because the
mass of PM typically accounts only for
(0.01 to 0.10)% of the total weight. A
correction to this small fraction of mass
would be at the most (0.001 to 0.010)%.

(b) PM sample media density.
Different PM sample media have

Pair = B—H@barom
@T,
pair

Example:

Muncorr = 100.0000 mg
Pbarom = 101.325 kPa

Pweight = 8000 kg/m3
Pmedia = 920 kg/m3
Pair =

NOwet

B;E NOdry

(a) Calculate the amount of water in
the span gas, Xn2ospan aSSUMIinNg
complete saturation at the span gas
temperature.

(b) Estimate the expected amount of
water, Xz0exp iN the exhaust you sample

by considering the maximum expected
amounts of water in combustion air, in
fuel combustion products, and in
dilution air if you dilute.

(c) Calculate water quench as follows:

HZOF')(p + XNO,COZ _XNO,N2 DXC02@<p

Eﬁl+ XHZOcaIc 15[3

XH20calc

XH20e><p = 0.03 mol/mol
Xhzocac = 0.017 mol/mol
XNo,coz = 1480 umol/mol

(176

XNO,N2

Xco2meas

Xno,nz = 1500 pmol/mol
Xcozexp = 2.0%
Xco2mess = 3.0%

0.03 1480 1500 DZ—

—m1+ 0.017) - 1D

180 0017

different densities. Use the known
density of your sample media, or use
one of the densities for some common
sampling media:

(1) For PTFE coated borosilicate glass,
use a sample media density: 2300 kg/
m3.

(2) For PTFE membrane (film) media
with an integral support ring of
polymethylpentene that accounts for
95% of the media mass, use a sample
media density: 920 kg/ms3.

(c) Air density. Because a PM balance
environment must be tightly controlled
to an ambient temperature of (22 £1) °C
and a dewpoint of (9.5 1) °C, air
density is only a function of barometric
pressure for this correction.

0 My U phgo U

amb =22 OC Tde/v =95 C pbarom/kpa
= (118031107 (Pyeyon;) - 5292220

Mgy, =100.1147 mg

8§1065.695 Data requirements.

(a) To determine the information we
require from engine tests, refer to the
standard-setting part and request from

(1.1803:1072:101.325) —5.2922:10—3 your Designated Compliance Officer the

(1.1803-10
~2.101.325) — 5.2922-10 3

pair = 1.1906 kg/m3

11906 7
8000 D

Mgy =100.0000 11906
D 920 [I

application format for certification. We
may require different information for
different purposes such as for
certification applications, alternate
procedure approval requests, selective
enforcement audits, laboratory audits,
production-line test reports, and field-
test reports.

1500

(d) Calibration weight density. Use the
stated density of the material of your
metal calibration weight. The example
calculation in this section uses a density
of 8000 kg/m3, but you should know the
density of your weight from the
calibration weight supplier or the
balance manufacturer if it is an internal
weight.

(e) Correction calculation. Buoyancy
correct PM sample media using the
following:

Pair O
— pwecght E

Meorr = Muncorr
ﬁl pmedla

SmHEQMa‘r -M HZO)

(b) See the standard-setting part and
§1065.25 regarding recordkeeping.

(c) We may ask you the following
about your testing:

(1) What approved alternative
procedures did you use? For example:

(i) Partial-flow dilution for
proportional PM.

(i) CARB test procedures.

(iii) I1SO test procedures.

(2) What laboratory equipment did
you use? For example, the make, model,
and description of the following:

(i) Engine dynamometer and operator
demand.
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(ii) Probes, dilution, transfer lines,
and sample preconditioning
components.

(iii) Batch storage media (e.g., bag
material, PM filter material).

(3) What measurement instruments
did you use? For example, the make,
model, and description of the following:

(i) Speed, torque instruments.

(ii) Flow meters.

(iii) Gas analyzers.

(iv) PM balance.

(4) When did you conduct
calibrations and performance checks
and what were the results? For example,
the dates and results of the following:

(i) Linearity checks.

(ii) Interference checks.

(iii) Response checks.

(iv) Leak checks.

(v) Flow meter checks.

(5) What engine did you test? For
example, the following:

(i) Manufacturer.

(ii) Family name on engine label.

(iii) Model.

(iv) Model year.

(v) ldentification number.

(6) How did you prepare and
configure your engine for testing? For
example, the following:

(i) Service accumulation; dates, hours,
duty cycle and fuel.

(ii) Scheduled maintenance; dates and
description.

(iii) Unscheduled maintenance; dates
and description.

(iv) Intake restriction allowable
pressure range.

(v) Charge air cooler volume.

(vi) Charge air cooler outlet
temperature, specified engine
conditions and location of temperature
measurement.

(vii) Exhaust restriction allowable
pressure range.

(viii) Fuel temperature and location of
measurement.

(ix) Any aftertreatment system
configuration and description.

(X) Any crankcase ventilation
configuration and description (e.g.,
open, closed, PCV, crankcase
scavenged).

(7) How did you test your engine? For
example:

(i) Constant speed or variable speed.

(i) Mapping procedure: step or
sweep.

(iii) Continuous or batch sampling for
each emission.

(iv) Raw or dilute; any dilution air
background sampling.

(v) Duty cycle and test intervals.

(vi) Cold-start, hot-start, warmed-up
running.

(vii) Intake and dilution air absolute
pressure, temperature, dewpoint.

(viii) Simulated engine loads, curb
idle transmission torque value.

(ix) Warm idle speed value, any
enhanced idle speed value.

(xX) Simulated vehicle signals applied
during testing.

(xi) Bypassed governor controls
during testing.

(xii) Date, time, and location of test
(e.g., dynamometer laboratory
identification).

(xiii) Cooling medium for engine and
charge air.

(xiv) Operating temperatures: coolant,
head, block.

(xv) Full names of engine operators
and laboratory operators.

(xvi) Natural or forced cool-down and
cool-down time.

(xvii) Cannister loading.

(8) How did you validate your testing?
For example, results from the following:

(i) Duty cycle regression statistics for
each test interval.

(ii) Proportional sampling.

(iii) Drift.

(iv) Reference PM sample media in
PM-stabilization environment.

(9) How did you calculate results? For
example, results from the following:

(i) Drift correction.

(ii) Noise correction.

(iii) “Dry-to-wet’ correction.

(iv) NMHC CH4 and contamination
correction.

(v) NOx humidity correction.

(vi) Brake-specific emission
formulation: total mass divided by total
work, mass rate divided by power, or
ratio of mass to work.

(vii) Rounding emission results.

(10) What were the results of your
testing? For example:

(i) Maximum mapped power and
speed at maximum power.

(if) Maximum mapped torque and
speed at maximum torque.

(iii) For constant-speed engines: no-
load governed speed.

(iv) For constant-speed engines: test
torque.

(v) For variable-speed engines: test
speed.

(vi) Speed versus torque map.

(vii) Speed versus power map.

(viii) Duty cycle and test interval
brake-specific emissions.

(ix) Brake-specific fuel consumption.

(11) What fuel did you use? For
example:

(i) Fuel that met specifications of
subpart H of this part.

(ii) Alternative fuel.

(iii) Oxygenated fuel.

(12) How did you field test your
engine? For example:

(i) Data from paragraphs (c)(1), (3), (4),
(5), and (9) of this section.

(ii) Probes, dilution, transfer lines,
and sample preconditioning
components.

(iii) Batch storage media (e.g., bag
material, PM filter material).

(iv) Continuous or batch sampling for
each emission.

(v) Raw or dilute; any dilution air
background sampling.

(vi) Cold-start, hot-start, warmed-up
running.

(vii) Intake and dilution air absolute
pressure, temperature, dewpoint.

(viii) Curb idle transmission torque
value.

(ix) Warm idle speed value, any
enhanced idle speed value.

(x) Date, time, and location of test
(e.g., dynamometer laboratory
identification).

(xi) Proportional sampling validation.

(xii) Drift validation.

(xiii) Operating temperatures: coolant,
head, block.

(xiv) Full name of vehicle operator.

(xv) Full names of field test operators.

(xvi) Vehicle make, model, model
year, identification number.

Subpart H—Engine Fluids, Test Fuels,
and Analytical Gases

§1065.701 General requirements for test
fuels.

(a) For all emission tests, use test fuels
meeting the specifications in this
subpart unless the standard-setting part
directs otherwise. If we do not specify
a service-accumulation fuel for a test
engine, use a fuel typical of what you
would expect the engine to use in
service.

(b) If you produce engines that can
run on a type of fuel (or mixture of
fuels) that we do not specify in this
subpart, you must get our approval to
test with fuel representing commercially
available fuels of that type. We must
approve your fuel specifications before
you start testing.

(c) You may use a test fuel other than
those we specify in this subpart if you
do all the following:

(1) Show that it is commercially
available.

(2) Show that your engines will use
only the designated fuel in service.

(3) Show that operating the engines
on the fuel we specify would increase
emissions or decrease durability.

(4) Get our written approval before
you start testing.

(d) We may allow you to use a
different test fuel (such as California
Phase 2 gasoline) if you show us that
using it does not affect your ability to
comply with all applicable emission
standards.

§1065.703 Distillate diesel fuel.

(a) Distillate diesel fuels for testing
must be clean and bright, with pour and
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cloud points adequate for proper engine
operation.

(b) There are three grades of #2 diesel
fuel specified for use as a test fuel. See
the standard-setting part to determine

judgment to select the grade that
represents the fuel on which the engines
will operate in use. The three grades are
specified in Table 1 of this section.

(c) You may use the following

(2) Metal deactivator.

(3) Antioxidant, dehazer.
(4) Rust inhibitor.

(5) Pour depressant.

which grade to use. If the standard- nonmetallic additives with distillate (6) Dye.
setting part does not specify which diesel fuels: (7) Dispersant.
grade to use, use good engineering (1) Cetane improver. (8) Biocide.

TABLE 1 OF §1065.703.—TEST FUEL SPECIFICATIONS FOR DISTILLATE DIESEL FUEL

Item Units U!;L"’Ilflljorw LO\;vursuI- High sulfur Reference procedure !

Cetane Number — 40-50 ... | 40-50 ... | 40-50 ....... ASTM D 613-03b
Distillation range:

Initial boiling point 171-204 | 171-204 | 171-204 ...

10 pct. point 204-238 | 204-238 | 204-238 ...

50 pct. point °C 243-282 | 243-282 | 243-282 ... | ASTM D 86-03.

90 pct. point 293-332 | 293-332 | 293-332 ...

Endpoint 321-366 | 321-366 | 321-366 ...
Gravity °API 32-37 ... | 32-37 ... | 32-37 ....... ASTM D 287-92.
Total sulfur mg/kg 7-15 ..... 300-500 | 2000-4000 | ASTM D 2622-03.
Aromatics, minimum. (Remainder shall be | g/kg 100 ....... 100 ...... 100 ........... ASTM D 5186-03.

paraffins, naphthalenes, and olefins)

Flashpoint, min. °C 54 ... 54 ... 54 i ASTM D 93-02a.
Viscosity cSt 2.0-32 |20-32 |20-32... ASTM D 445-03.

1 All ASTM standards are incorporated by reference in § 1065.1010.

§1065.705 Residual fuel. [Reserved] commercially available fuels for the
appropriate application.

(b) There are two grades of gasoline
specified for use as a test fuel. If the
standard-setting part requires testing

with fuel appropriate for low

temperatures, use the test fuel specified
for low-temperature testing. Otherwise,
use the test fuel specified for general
testing. The two grades are specified in
Table 1 of this section.

§1065.710 Gasoline.

(a) Gasoline for testing must have
octane values that represent

TABLE 1 OF 81065.710.—TEST FUEL SPECIFICATIONS FOR GASOLINE

Item Units General testing Low temperature testing Reference procedure®

Distillation Range:

Initial boiling point 224-35 24-36

10% point 49-57 37-48

50% point °C 93-110 82-101 ASTM D 86-01.

90% point 149-163 158-174

End point Maximum, 213 Maximum, 212
Hydrocarbon composition:

1. Olefins pm3/m3 | Maximum, 100,000 Maximum, 175,000

2. Aromatics Maximum, 350,000 Maximum, 304,000 ASTM D 1319-02.

3. Saturates Remainder Remainder
Lead (organic) olliter Maximum, 0.013 Maximum, 0.013 ASTM D 3237-97.
Phosphorous glliter Maximum, 0.0013 Maximum, 0.005 ASTM D 3231-02.
Total sulfur mg/kg Maximum, 80 Maximum, 80 ASTM D 1266-98.
Volatility (Reid Vapor Pressure) | kPa 2360.0-63.4 77.2-81.4 ASTM D 323-99a.

1 All ASTM standards are incorporated by reference in § 1065.1010.

2For testing at altitudes above 1 219 m, the specified volatility range is (52 to 55) kPa and the specified initial boiling point range is (23.9 to

40.6) °C.

3 For testing unrelated to evaporative emissions, the specified range is (55 to 63) kPa.

§1065.715 Natural gas.
(a) Natural gas for testing must meet

the specifications in the following table:



